Background: Genomic evaluation, based on thousands of genetic markers, has become the standard evaluation methodology in dairy cattle breeding programs over the past few years. Despite the many differences between dairy cattle breeding and poultry breeding, genomic selection seems very promising for the avian sector, and studies are currently being conducted to optimize avian selection schemes. In this optimization perspective, one of the key parameters is to properly predict the accuracy of genomic evaluation in pure line layers.
Introduction

measured.
For all the traits, the effects of this model were below the significance level 109 (P < 0.15), which means that they could be kept into the model. Raw data were 110 then adjusted using the estimates of all effects, except for the sire effect. Extreme 111 values were deleted. Were considered as extreme the values presenting a deviation 112 from the mean higher than 5 phenotypic standard deviations. Finally, a total of 113 more than 25,500 records for CC and more than 65,800 records for IC were retained 114 (cf tables 2 and 3). Performances were centered and standardized before evaluation. Multi-trait evaluations 118 were performed on the five traits, using BLUP (EBV) and single-step GBLUP 119 (GEBV) methodologies [19, 20] . To perform those evaluations, the BLUPF90 120 family of programs [21] was used. Variance-covariance matrices were estimated 121 using REMLF90. The standard errors of genetic parameters estimates were then 122 obtained with AIREMLF90. The first male candidate population (C1) was comprised of birds from generation 147 G1 that had daughters (G2) and grand daughters (G3) with performances. This 148 group was made up of 174 sires in CC, and 78 sires in IC. A second male candidate 149 population (C2) was considered in order to increase in the size of the reference 150 population, therefore going from three hatches for C1 to five hatches for C2, which 151 led to a total of 175 sires in CC, and 93 in IC. 152 153 In both C1 and C2, the number of sires in IC was smaller than in CC. This is 154 due to the selection carried out before moving them from CC to IC and to the fact 155 that in IC, only sires having at least 8 daughters with performances were used.
157
In addition to these male populations, a female candidate population (F) was 158 formed using genotyped hens from G2. This group was comprised of 442 females 159 in CC and then moved to IC. The difference between this population and the male 160 ones, was that in IC females had performances available for evaluation and had 161 few daughters (1.6 daughter/hen on average). As opposed to males, females were genotyped starting from G2, which means that is was not possible to have two 163 female candidate populations. All available phenotypes, from G0 to G3, made up the complete data set.
178
Two cases of partial data sets were studied, based on the amount of phenotypic 179 information available when the evaluation was carried out:
180
• Case 1: The evaluation was carried out at candidates birth, without 181 considering the performances of their contemporary relatives nor the performances 182 of the candidates, in the case of females. The phenotyped population was 183 limited to the ancestors of the candidates.
184
• Case 2: The evaluation was carried out at 60 weeks of age for CC and at Moreover, for C1 male candidates, the potential gain was also assessed taking into 190 account the performances of their grand-daughters. In that case, the phenotypes of 191 G3 hens were removed so as to obtain a partial data set (case 3).
193
The LR method relies on three statistics to estimate the accuracy and biases of Furthermore, the significativity of the differences between relative accuracies, e.g. 208 correlations as defined above, was assessed using the Hotelling-Williams test [25] .
209
This test is used to compare two dependent correlations that share a common 210 variable. The null hypothesis means that the two compared correlations are equal.
211
The test statistics under null hypothesis follows the Student law at n-3 degrees of 212 freedom, n being the number of observations. Observed correlations were compared 213 two by two, for EBVs and GEBVs, at a significance threshold of 5%.
Results
215
Genetic parameters 216 Heritabilities remained steady whether REML was carried out with BLUP or with 217 GBLUP and whichever the data set under analysis, e.g. complete or partial (cases 218 1,2 and 3). These results were observed whatever the trait or age (CC or IC).
219
Differences ranged from 0% for ESShape in IC to 5% for EW in IC, and values were 220 always higher with GBLUP (data not shown) than with BLUP. Similar results 221 were obtained for repeatabilites. Genetic correlations were even more stable than Estimates of genetic parameters are given in In the evaluations carried out at the age of 18 months (case 2), the differences 268 between genetic evaluation and genomic evaluation were less significant, with values 269 ranging from 1.05 (EW C1) to 0.82 (ESshape C2), and a global mean of 0.93.
270
Differences between C1, with a mean of 0.95, and C2, with a mean of 0.91, were 271 not as significant as they were in case 1, but still existed. Like in case 1, the use of 272 GBLUP allowed for a relative increase in accuracy.
274
Evaluations carried out in case 3 showed little difference between BLUP and 275 GBLUP, with a mean close to 1. As was the case with CC, accuracy estimations were different for each trait (cf table   279 8), depending on the evaluation scenario. The evolution of accuracy was also linked 280 to the amount of phenotypic information available.
282
Here again, the increase in relative accuracy with genomic evaluation, compared 283 to genetic evaluation, was observed in case 1 and in case 2 (cf table 9). This increase 284 was more significant in IC traits than it was in CC traits, both in case 1 (mean = 285 0.82) and case 2 (mean = 0.84). The global gain in accuracy observed in evaluations 286 carried out on C2, in comparison to those carried out on C1, was similar to the 287 gain noticed for CC traits. Evaluations carried out in case 3, showed no differences between BLUP and 290 GBLUP, with a mean very close to 1, as was the case for CC.
(G)EBVs biases and dispersion for male candidates 293
The bias statistics has an expected value of 0 if evaluation is unbiased. In both CC 294 and IC (cf tables 10 and 11), biases were low and most often negative, indicating an 295 underestimation of (G)EBVs when using partial data sets. The biases increased as 296 the amount of phenotypic information decreased, from about 0 in case 3 to -0.11 in 297 case 1. Biases were slightly higher with genomic values, compared to genetic values, 298 in any given trait situation. The differences between traits or between candidate 299 population C1 and candidate population C2 varied, without any clear tendency 300 being observed.
302
Unbiased estimators are supposed to have a regression slope equal to 1. This is 303 what was observed in case 3, with regression coefficients estimated between 0.94 304 and 1.01 in CC and between 0.97 and 1.01 in IC, in the case of genetic evaluation 305 as well as the case of genomic evaluation (tables 12 and 13). In both CC and IC, 306 the slopes decreased below 1 every time the amount of phenotypic information 307 decreased. There was no significant difference between genetic evaluation and 308 genomic evaluation: if slopes were closer to 1 when using genetic evaluation on 309 CC traits, it was quite the opposite in the case of IC traits. Conversely, dispersion 310 appeared significantly higher in CC than in IC: in the case of IC, slopes remained 311 above 0.7, with few exceptions, even in case 1, while they decreased often below 312 0.7, in the case of CC. The slopes were also strongly linked to the evaluated traits, 313 regardless of the candidate population. As was the case for males, accuracy estimations of (G)EBVs for females were not 317 homogeneous, depending on the trait (table 14) : some traits were evaluated with 318 greater accuracy than others, and accuracy evolution was not the same for all the traits, depending on the scenario. However, these differences were not the same 320 than those noticed with males. Relative accuracy was nonetheless generally higher 321 for females, especially in case 2 where females had their performances taken into 322 account.
324
Furthermore, genomic values were always more accurate than genetic values and, 325 like with males, the gain increased when the amount of phenotypic information was 326 low (table 15) . Indeed, evaluations carried out at birth (case 1), showed a significant 327 increase in accuracy with GBLUP evaluation, compared to BLUP evaluation. The As was the case for CC, correlations were moderate (cf table 16) and varied 335 depending on the trait in case 1, while they were always very high (with a 336 minimum of 0.93) in case 2, where the performances of the females were taken 337 into consideration.
339
In case 1, the increase in accuracy noticed with GBLUP evaluation, in comparison 340 to BLUP evaluation (table 17) was of the same order of magnitude than it was for 341 CC, with a mean of ratios close to 0.79. In case 2, this value was between 1.00 and 342 1.01, depending on the trait. which can be potentially favorable or unfavorable, depending on the breeding goal 370 of the line, as well as an increase in egg short length at a given weight, which is unfavorable, e.g. the egg would be less ovoid. Finally, egg shell color is lightly, but 372 favorably, correlated to other traits.
374
Relevance of genomic evaluation for male candidates 375 In case 1 and in case 2, the results generally highlighted a greater accuracy of the 376 evaluation of male candidates with GBLUP than with BLUP, in any given scenario, 377 and particularly for what regards IC traits. The difference between CC results and 378 IC results can be explained by the nature of data, as indeed IC data, referring to 379 the hen itself and not just to the full sisters, allowed for the construction a more 380 accurate evaluation model. Otherwise, the results obtained in case 3 showed that 381 the information about the grand daughters had little impact on the evaluation. The 382 fact of not using the performances of the grand-daughters does not seem to have 383 any direct negative impact on evaluation accuracy.
385
The results observed in scenarios using C2 candidates tend to confirm those 386 obtained using C1 candidates, and sometimes even amplified them. The difference 387 between C1 results and C2 results could be explained by the increase in the size 388 of the reference population, which went from 3 batches for C1 to 5 batches for 389 C2, still with the same number of candidates. This increase in the size of the The differences between traits, and the relationship between phenotypic information 395 and accuracy, noticed with males were also observed with females. Genomic 396 evaluation provided more accurate evaluations than genetic evaluation, excepted 397 for case 2, where IC traits were used. GEBV accuracy was capped at around 0.70 compensated for the loss of phenotypic information.
427
Regarding the size of the reference population, it was observed that adding a 428 generation, from C1 to C2, had an effect on the evaluation, as Weng and al. showed Finally, for what regards egg quality traits and as far as males are concerned, it 439 seems winning to move from a selection at 18 months of age to a selection at birth.
440
Indeed, for some traits, there would be a significant loss in evaluation accuracy in 441 the case of CC, although the loss would remain acceptable for IC. Depending on the 442 weight of each trait in the breeding goal, this strategy would allow for a significant 443 genetic gain on the global objective, through an increment in selection pressure and 444 a reduction in the generation interval, on the male pathway. It would therefore be 445 feasible to increase the number of male candidates for selection from 200 to 2,000, 446 and to reduce the generation interval from 18 months to 6 months.
448
The results also highlighted the fact that, for females, switching from a selection at 449 18 months of age to a selection at birth would result in a significant loss in evaluation 450 accuracy. In the case of females, selection pressure should not be increased that 451 much. However, the generation interval could be reduced from 18 to 6 months here as well. Unlike in the case of males, this strategy needs to be studied in more details 453 for females, in order to assess whether the implementation of genomic evaluation 454 at birth would be an interesting option. 
